Performance and plasma concentration of metabolites in transition dairy cows supplemented with vitamin E and fat  by Amirifard, Rohollah et al.
Journal of Integrative Agriculture  2016, 15(5): 1076–1084
RESEARCH  ARTICLE
Available online at www.sciencedirect.com
ScienceDirect
Performance and plasma concentration of metabolites in transition 
dairy cows supplemented with vitamin E and fat
Rohollah Amirifard1, Mohammad Khorvash1, Masiholla Forouzmand2, Hamid-Reza Rahmani1,  
Ahmad Riasi1, Mohammad Malekkhahi3, Mojtaba Yari4, Morteza Hosseini-Ghaffari1  
1 Department of Animal Science, College of Agriculture, Isfahan University of Technology, Isfahan 84156-83111, Iran
2 Department of Animal Science, College of Agriculture, Yasouj University, Yasouj 75918-74831, Iran
3 Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad 91775-1793, Iran
4 Department of Animal Science, College of Agriculture, Malayer University, Malayer 65719-95863, Iran
Abstract 
The objective of this study was to evaluate the effects of vitamin E (VE; 1 500 or 3 000 international units (IU) d–1) and fat 
(2% of dry matter calcium salt of soybean oil) supplementation during the transition period on feed intake, milk yield and 
composition and blood metabolites of dairy cows.  48 multiparous Holstein cows were randomly assigned into one of four 
treatments in a 2×2 factorial arrangement of vitamin E and supplemental dietary fat during the transition period.  Treatments 
were: 1) 1 500 IU d–1 vitamin E without fat supplementation (1 500VE–F); 2) 1 500 IU d–1 vitamin E with fat supplement 
(1 500VE+F); 3) 3 000 IU d–1 vitamin E without fat supplementation (3 000VE–F); and 4) 3 000 IU d–1 vitamin E with fat 
supplement (3 000VE+F).  Dietary treatments were initiated at approximately 28 d before expected calving dates and con-
tinued through 28 d postpartum.  Dry matter intake (DMI) was unaffected (P>0.05) by prepartum treatment.  Regardless 
of vitamin E supplementation, DMI was greater (P<0.01) in fat-supplemented cows compared with un-supplemented cows 
(19.60 vs. 18.45 kg d–1; SEM=0.42) during the postpartum period.  Energy balance and body weight were not affected 
(P>0.05) by treatments.  Postpartum diets had no significant effect on milk yield or milk composition.  Plasma concentra-
tions of non-esterified fatty acids, glucose, and insulin were not affected (P>0.05) by treatments.  Regardless of vitamin E 
supplementation, plasma β-hydroxybutyrate concentration was greater (P<0.05) in fat-supplemented cows compared with 
un-supplemented cows during the postpartum period.  These results showed no indication of positive effects on lactation 
performance associated with vitamin E and dietary fat supplement in transition cows.  
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1. Introduction 
The transition period is defined as 3 wk before calving 
through 3 wk after calving in dairy cows (Bell et al. 1995; 
Grummer 1995).  This period is regarded as one of the 
most challenging elements of the production cycle in dairy 
cattle because of the metabolic changes in the course of 
transition from pregnancy to lactation (DeFrain et al. 2005; 
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Pezeshki et al. 2010).  During the last 3 wk of gestation 
and the first 3 wk of postpartum, a cow experiences a 
reduction in feed intake and a degree of negative energy 
balance (NEB), which is related to metabolic and hormonal 
changes around parturition (Grummer 1995; Rabelo et al. 
2003).  These changes are generally associated with 
an increased risk of metabolic- and production-related 
diseases (Friggens et al. 2004).  Therefore, to improve 
transition success, it has been suggested that we should 
increase the nutrient intake (Grummer et al. 2004) or net 
energy density of lactation diets to support high producing 
cows (Eastridge 2006).  Vitamin E is considered as one of 
the important antioxidants for dairy cows.  Together with 
other metabolic changes, the plasma concentration of 
vitamin E decreases around the time of calving (Goff et al. 
2002).  The minimal requirement of vitamin E is 150 and 
300 international units (IU) d–1 for dry and lactating cows, 
respectively (NRC 2001).  
It has been reported that 1 000 IU d–1 supplementation 
of vitamin E around calving is associated with decreased 
incidence of placental retention, as well as on improved 
function and activity of the immune system (Smith et al. 
1997; Allison and Laven 2000).  It was suggested that 
vitamin E supplementation at the level 1 500 to 3 000 IU 
per cow per day during the dry period reduces both the 
frequency of intramammary infection and that of clinical 
mastitis and improves milk quality, decreased plasmin 
activity and increased oxidative stability of milk (Politis 
2012).  O’Donnell-Megaro et al. (2012) reported that dietary 
supplementation of 10 000 IU d–1 vitamin E increased milk 
yield in mid-lactation dairy cows.  In their study, vitamin 
E did not prevent the oil-induced (2.5% soybean oil) re-
duction in milk fat percentage.  Bell et al. (2006) reported 
that vitamin E supplementation (2 800 IU d–1) partially 
mitigated the effect of 6% safflower oil on reduction in 
milk fat percentage compared with the control groups, but 
had no significant effect on dry matter intake (DMI) and 
milk production.  Supplementation of dietary fat could en-
hance the intestinal absorption of vitamin E and transport 
capacity (Lodge et al. 2004), and hence improve energy 
balance of dairy cows around parturition (Karimian et al. 
2015).  Weiss  and Wyatt (2003) reported an improvement 
in plasma concentrations of α-tocopherol in cows provided 
with dietary fat supplement.  
Weiss and Wyatt (2003) reported that the vitamin E and 
fat interaction had no effect on DMI, milk yield, and yields 
and concentrations of milk fat and protein in mid-lactation 
Holstein cows.  To the best of the authors’ knowledge, no 
published reports have assessed the interactions between 
vitamin E and fat on lactation performance in transition 
cows.  Therefore, it is possible that the supplementation of 
a vitamin E blend to diets containing rumen inert fat might 
affect milk yield, milk composition, and energy balance (EB) 
differently.  Therefore, the objective of this study was to 
determine whether diets supplemented with a combination 
of fat (calcium salt of soybean oil, CaSO) and vitamin E 
during the transition period could affect blood metabolites 
and improve lactation performance.  
2. Results 
2.1. Feed intake, body weight, energy balance, and 
lactation performance
Ingredient and nutrient composition of the diets fed during 
the transition period are provided in Table 1.  The mean of 
DMI, body weight (BW), EB, milk yield and composition 
are presented in Table 2.  No interaction (P>0.05) between 
vitamin E and fat supplementation were observed for DMI, 
BW, EB and milk yield during the transition period.  During 
the prepartum period, DMI was unaffected (P>0.05) by 
treatment (Fig. 1).  Regardless of vitamin E supplementa-
tion, DMI was greater (P<0.01) in fat-supplemented cows 
compared with un-supplemented cows (overall, 19.60 vs. 
18.45 kg d–1; SEM=0.42) during the postpartum period (Figs. 
1 and 2).  Energy balance during the postpartum period 
and BW during the pre- and postpartum periods were not 
affected (P>0.05) by treatments.  Postpartum diets did not 
affect (P>0.05) milk yield or milk composition during the 
first 28 d in milk.  
2.2. Blood metabolites
The mean of blood metabolites is presented in Table 3. 
No diet-dependent differences (P>0.05) were observed for 
plasma non-esterified fatty acids (NEFA), β-hydroxybutyrate 
(BHBA), glucose (Fig. 3), and insulin (Fig. 4) concentra-
tions during the prepartum period and for plasma NEFA, 
glucose, and insulin concentrations during the postpartum 
period.  Plasma NEFA concentration increased from d 5 
before calving until 15 d after calving and then gradually 
decreased (Fig. 5).  
Regardless of vitamin E supplementation, plasma BHBA 
concentration was greater (P<0.05) in fat-supplemented 
cows compared with un-supplemented cows (overall, 0.56 
vs. 0.47 kg d–1; SEM=0.04) during the postpartum period. 
Plasma BHBA concentration continuously increased 5 d 
before calving until 15 d postpartum and then decreased 
until 28 d in milk (DIM) (Fig. 6).  As parturition approached, 
the rate of increase in BHBA concentrations was greater 
for cows fed 1 500VE–F diet (1 500 IU d–1 vitamin E without 
fat supplementation) (P<0.05) than cows fed other diets. 
No diet-dependent differences (P>0.05) were observed for 
plasma BHBA concentration during the prepartum period. 
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3. Discussion
3.1. Feed intake, BW, EB, and lactation performance
Effects of fat supplementation on DMI during the postpartum 
period have been inconsistent, with fat supplementation re-
ported to decrease (Harvantine and Allen 2005) or not affect 
(Castañeda-Gutiérrez et al. 2005) feed intake in dairy cows. 
We observed no suppression of DMI during the prepartum 
period in response to fat supplementation, which is in agree-
ment with the finding of DeFrain et al. (2005) reported that 
prepartum DMI did not differ among treatments, when the 
cow was fed calcium salts of long-chain fatty acids.  The 
DMI depression during the postpartum period obtained in 
this study might be attributed to a low acceptability of cal-
cium salts of long-chain fatty acids, or due to differences in 
metabolic status and body condition score (Grummer 1995). 
In contrast to our hypothesis, daily supplementation with 
3 000 IU of vitamin E did not improve lactation performance 
in the current study.
In agreement with our findings, Ekickson et al. (1992) 
found no improvement in EB by supplementing 3% calcium 
salt of palm oil to dairy cattle during the postpartum period. 
The similar milk crude protein (CP) content among treat-
ments in the current study was consistent with other studies 
(Elliott et al. 1996).  Zened et al. (2012) showed that milk 
protein content slightly increased when cows fed sunflower 
oil plus supplemental vitamin E; however, in another exper-
Table 1  Ingredients and chemical composition of the diet offered pre- and postpartum
Item 
Prepartum (–28 to 0 DIM)1) Postpartum (1 to 28 DIM)
1 500VE–F 1 500VE+F 3 000VE–F 3 000VE+F 1 500VE–F 1 500VE+F 3 000VE–F 3 000VE+F
Ingredients (% of DM basis)
Corn silage 32.1 21.0 32.1 21.0 28.9 28.7 28.9 28.7
Alfalfa hay 12.2 12.2 12.2 12.2 9.68 10.0 9.68 10.0
Barley ground 9.76 9.13 9.76 9.13 3.70 1.20 3.70 1.20
Corn ground 6.90 6.50 6.90 6.50 28.10 28.10 28.10 28.10
Soybean meal (45% crude 
protein (CP))
23.6 23.0 23.6 23.0 17.9 18.4 17.9 18.4
Canola meal 1.29 4.76 1.29 4.76 – – – –
Wheat straw 3.37 4.60 3.37 4.60 – – – –
Wheat bran 3.37 9.80 3.37 9.80 – – – –
Cotton seed – – – – 2.50 2.50 2.50 2.50
Cotton seed meal – – – – 7.50 7.50 7.50 7.50
Vitamin and mineral mix 12) 3.60 3.50 3.60 3.50 – – – –
Vitamin and mineral mix 23) – – – – 0.56 0.56 0.56 0.56
Calcium salts of soybean oil4) – 2.00 – 2.00 – 2.00 – 2.00
Anionic salt premix5) 0.35 0.35 0.35 0.35 – – – –
Sodium bicarbonate – – – – 0.7 0.7 0.7 0.7
Vitamin E (IU d–1) 1 500 1 500 3 000 3 000 1 500 3 000 1 500 3 000
Di-calcium phosphate – – – – 0.31 0.31 0.31 0.31
Ammonium chloride 3.46 3.46 3.46 3.46 – – – –
Salt – – – – 0.10 0.10 0.10 0.10
Chemical composition (% of DM)
Net energy lactation (NEL) 
(Mcal kg–1)6) 
1.55 1.55 1.55 1.55 1.65 1.65 1.65 1.65
CP 14.6 14.7 14.6 14.7 17.1 17.0 17.1 17.0
Lipid 2.5 3.5 2.5 3.5 3.2 4.2 3.2 4.2
Neutral detergent fiber (NDF) 36.0 36.0 36.0 36.0 25.0 25.0 25.0 25.0
Nonfiber carbohydrates (NFC)7)  35.0 32.4 35.0 32.4 41.0 38.0 41.0 38.0
Calcium6) 1.20 1.40 1.20 1.40 1.00 1.10 1.00 1.10
Phosphorus6) 0.34 0.33 0.34 0.33 0.40 0.50 0.40 0.50
1) DIM, days in milk; 1 500VE and 3 000VE mean 1 500 and 3 000 international units (IU) d–1 vitamin E, respectively; –F, unsupplemented 
with fat; +F, supplemented with fat (calcium salt of soybean oil, CaSO).  The same as below. 
2) Contained (DM basis): 15.2% Ca, 2.44% Mg, 10.46% Cl, 0.04% K, 0.82% Na, 3.5% S, 1 400 mg kg–1 Fe, 288.2 mg kg–1 Mn, 302.5 mg 
kg–1 Cu, 12.7 mg kg–1 I, 504 mg kg–1 Zn, 150 kIU kg–1 vitamin A, 50 kIU kg–1 vitamin D3.
3) Contained 12% Ca, 2% P, 2.05% Mg, 18.6% Na, 0.3% S, 1 250 mg kg–1 Fe, 2 250 mg kg–1 Mn, 7 700 mg kg–1 Zn, 14 mg kg–1 Co, 
1 250 mg kg–1 Cu, 56 mg kg–1 I, 10 mg kg–1 Se, 250 kIU kg–1 vitamin A, 50 kIU kg–1 vitamin D3. 
4) Megalac® (Behparvaran Co., Esfahan, Iran). 
5) Contained 2.2% Mg, 0.32% Ca, 3.5% S, 0.40% K, and 12% Cl.
6) Calculated according to NRC (2001). 
7) Nonfiber carbohydrate was calculated as DM−(NDF+CP+Ether extract+Ash) (NRC 2001).
–, mean not included.
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iment supplemental vitamin E had no effect on milk protein 
content (Weiss et al. 1990).  
3.2. Blood metabolites
Blood concentration of NEFA is an index of body fat mobi-
lization and is related to the energy balance of dairy cows 
(Drackley et al. 1992).  In the current study, concentration 
of NEFA peaked near calving for all treatments, probably 
because of the low DMI on the day of calving combined 
with the high amount of energy expend during calving and 
production of colostrum (Salfer et al. 1995).  In agreement 
with our findings, Cerri et al. (2009) also reported that 
NEFA concentration peaked at d 15 postpartum and was 
not affected by fat source in diet, but Duske et al. (2009) 
Table 2  Effect of supplemental vitamin E and fat on dry matter intake (DMI), body weight (BW), energy balance (EB), milk yield 
and composition of transition dairy cows
Item1)
Dietary regimen
SEM
P-value
Treatment2) Interaction3)
1 500VE–F 1 500VE+F 3 000VE–F 3 000VE+F VE Fat Time 1 2 3
Prepartum
DMI 21 d period before 
calving (kg d–1)
15.31 15.62 15.90 15.20 0.371 0.77 0.56 0.001 0.22 0.40 0.84
Mean BW (kg) 744.0 760.1 765.0 722.0 13.52 0.69 0.58 0.001 0.29 0.69 0.12
Postpartum
DMI from d 1–28 of 
lactation (kg d–1)
17.90 b 19.72 a 19.04 a 19.51 a 0.421 0.32 0.01 0.001 0.11 0.54 0.03
Mean BW (kg) 663.0 706.0 685.0 639.0 11.22 0.54 0.97 0.001 0.24 0.41 0.16
Energy balance from d 
1–28 (Mcal d–1)
–8.17 –11.43 –10.74 –9.44 1.901 0.91 0.50 0.88 0.19 0.43 0.47
Milk yield from d 1–28 of 
lactation (kg d–1)
35.59 36.58 35.82 36.43 1.701 0.43 0.27 0.01 0.15 0.22 0.10
Milk fat (%) 4.08 4.13 4.08 4.11 0.093 0.10 0.45 0.08 0.90 0.61 0.26
Milk protein (%) 3.12 3.15 3.15 3.01 0.064 0.40 0.40 0.01 0.18 0.14 0.99
Milk lactose (%) 5.46 5.52 5.47 5.41 0.066 0.93 0.45 0.06 0.35 0.87 0.22
Milk solid non-fat (%) 12.80 12.50 12.69 12.32 0.167 0.52 0.06 0.02 0.47 0.74 0.51
Milk fat (kg d–1) 1.50 1.46 1.51 1.45 0.081 0.22 0.71 0.01 0.50 0.32 0.11
Milk protein (kg d–1) 1.11 1.15 1.13 1.10 0.052 0.19 0.17 0.06 0.73 0.17 0.68
Milk lactose (kg d–1) 1.93 2.02 1.96 1.97 0.093 0.22 0.16 0.01 0.67 0.05 0.21
1) Prepartum means were averaged over 4 weeks before calving.  Postpartum means were averaged over 4 weeks of lactation.
2) VE, vitamin E; Time, week of lactation. 
3) Interactions 1, 2, and 3, fat×vitamin E, vitamin E×week, fat×week, respectively. 
Data with different letters within a row indicate a P-value<0.05. 
The same as below.
Fig. 1  Dry matter intake (DMI) of cows offered dietary fat 
(CaSO) and vitamin E during the transition period: 1 500VE–F, 
1 500 IU d–1 vitamin E without fat supplement; 1 500VE+F, 1 
500 IU d–1 vitamin E with fat supplement; 3 000VT–F, 3 000 
IU d–1 vitamin E without fat supplement; 3 000VE+F, 3 000 IU 
d–1 vitamin E with fat supplement.  Data are means±SE.  The 
same as below.  
Fig. 2  The effect of fat×week interaction on dry matter intake 
of dairy cows during pre and postpartum.  Means with different 
letters differ significantly (P<0.05).
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Table 3  Effect of supplemental vitamin E and fat on blood metabolites of transition dairy cows
Item1) 
Dietary regimen
SEM
P-value
Treatment Interaction
1 500VE–F 1 500VE+F 3 000VE–F 3 000VE+F VE Fat Time 1 2 3
Prepartum
NEFA (mmol L–1) 0.25 0.25 0.24 0.23 0.021 0.30 0.58 0.01 0.42 0.82 0.25
BHBA (mmol L–1) 0.31 0.30 0.34 0.32 0.043 0.60 0.76 0.60 0.22 0.30 0.42
Glucose (mg dL–1) 67.4 73.3 67.9 69.6 2.494 0.57 0.18 0.56 0.42 0.75 0.55
Insulin (ng dL–1) 0.40 0.65 0.53 0.51 0.114 0.94 0.36 0.82 0.94 0.30 0.22
Postpartum
NEFA (mmol L–1) 0.81 0.74 0.78 0.76 0.092 0.95 0.77 0.13 0.43 0.97 0.94
BHBA (mmol L–1) 0.59 a 0.45 c 0.53 ab 0.49 bc 0.045 0.74 0.05 0.01 0.20 0.63 0.03
Glucose (mg dL–1) 62.61 60.20 62.92 58.40 3.354 0.82 0.35 0.01 0.76 0.34 0.60
Insulin (ng dL–1) 0.45 0.52 0.49 0.49 0.052 0.95 0.68 0.01 0.62 0.92 0.98
1) NEFA, non-esterified fatty acids; BHBA, β-hydroxybutyrate. 
Fig. 3  Concentrations of blood glucose in cows offered dietary 
fat (CaSO) and vitamin E during the transition period. 
Fig. 4  Concentrations of blood insulin in cows offered dietary 
fat (CaSO) and vitamin E during the transition period. 
Fig. 5  Concentrations of non-esterified fatty acids (NEFA) 
in cows offered dietary fat (CaSO) and vitamin E during the 
transition period. 
Fig. 6  Concentrations of β-hydroxybutyrate (BHBA) in cows 
offered dietary fat (CaSO) and vitamin E during the transition 
period.
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found that dietary fat can increase NEFA concentration in 
plasma.  We observed no changes in blood concentration 
of NEFA during the transition period in response to vitamin 
E supplementation, which is partly similar with the finding 
of Chandra et al. (2013) who reported that the supplemen-
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tation of vitamin E did not affect blood NEFA concentration 
in prepartum Sahiwal cows. 
Bertics et al. (1992) reported that DMI is inversely related 
to concentrations of BHBA in plasma.  Data from the current 
study are consistent with this observation; cows fed fat had 
lower DMI and greater plasma concentrations of BHBA 
than cows not fed supplemental fat during the postpartum 
period.  Glucose concentration peaked at calving and was 
lower during the postpartum period than prepartum period as 
reported by Hayirli et al. (2011).  The peak at calving may be 
related to the release of glucocorticoids immediately before 
calving that stimulate glycogenolysis and gluconeogenesis, 
whereas low glucose concentration during the postpartum 
period compared period with prepartum is probably related 
to DMI that is insufficient to meet the glucose requirements 
for milk synthesis (Leury et al. 2003).  
Our finding in relation to concentration of insulin which 
was not affected by fat supplementation during the transition 
period was in consistence with the results of Douglas et al. 
(2004).  However, Becu-Villalobos et al. (2007) indicated 
that supplementation with fat in early lactation dairy cows 
decreased plasma insulin concentration.  Similarly results 
were obtained in lactating cows given dietary supplements 
of calcium salts of long-chain fatty acids (Choi et al. 2000). 
Mineo et al. (1994) stated that propionate has a stimulatory 
role in insulin secretion, but long-chain fatty acids could be 
affected on insulin secretion (Opara et al. 1994).  Although, 
the degrees of unsaturation of fatty acid (FA) have some 
effect on insulin release in ruminants, a greater insulin re-
sponse to rumen protected, unsaturated, long-chain fatty 
acids would be expected.  
4. Conclusion
The addition of a dietary supplement of vitamin E did not 
affect DMI, BW, and EB during the pre- and postpartum 
periods.  Dry matter intake and milk fat content were greater 
in fat-supplemented cows compared with un-supplemented 
cows during the postpartum period.  There was no indication 
of positive effects on milk production associated with vitamin 
E and dietary fat supplement in transition cows.  Thus, the 
current data do not support our hypothesis that vitamin E+fat 
(CaSO) would improve lactation performance in dairy cows.
5. Material and methods
5.1. Cows, experimental design, and treatments
The experiment was conducted at the Dairy Research Facil-
ities of the Lavark Research Station of Isfahan University of 
Technology (Isfahan, Iran).  Guidelines for the care and use 
of animals were approved by the Animal Care Committee 
of Isfahan University of Technology.  
48 multiparous Holstein cows (12 cows per treatment) 
were randomly assigned to one of four treatments in a 2×2 
factorial arrangement of vitamin E (1 500 or 3 000 IU d–1; 
Politis 2012) and supplemental dietary fat (with or without 
calcium salt of soybean oil, CaSO; Megalac®, Behparvaran 
Co., Esfahan, Iran) during the transition period.  Treatments 
were: 1) 1 500 IU d–1 vitamin E without fat supplementation 
(1 500VE–F); 2) 1 500 IU d–1 vitamin E with fat supplement 
(1 500VE+F); 3) 3 000 IU d–1 vitamin E without fat supple-
mentation (3 000VE–F); and 4) 3 000 IU d–1 vitamin E with 
fat supplement (3 000VE+F).  The experiment was carried 
out from 28 d before parturition up to d 28 postpartum.  At 
the beginning of the experiment, cows had similar parity 
(4th) and they averaged (746±30) kg of BW and 3.5±0.5 of 
body condition score (BCS) on a scale of 1 to 5 (Edmonson 
et al. 1989).  All cows in the study calved within 1 wk.  The 
pre- and postpartum fat supplemented diets contained 2% 
CaSO.  Cows were fed a total mixed ration (TMR), according 
to NRC (2001) recommendations.  Vitamin E and CaSO 
were premixed with (non-forage) feeds and offered as part 
of a TMR to experimental animals.  Cows were individually 
offered ad libitum amounts of TMR at 0800 and 1600 h for 
5 to 10% refusals and daily DMI was recorded from 3 wk 
before calving until 4 wk postpartum.  Body weight was re-
corded weekly.  Cows were housed in tie stalls throughout 
the experiment and allowed to exercise daily in an outside 
lot for 1 h after the a.m. milking.  Water was available at all 
times.  Cows did not experience any health problems.  After 
calving, cows were fed the postpartum diet.  The FA profile 
of CaSO, provided by Megalac® (Behparvaran Co., Esfahan, 
Iran), expressed as a percentage of total FA, included 0.1% 
of 12:0, 0.1% of 14:0, 10.7% of 16:0, 0.3% of 16:1, 4.6% 
of 18∙0, 29.2% of cis 9-18:1, 49.6% of cis 6-18:2, 5.3% of 
cis 3-18:3 and 0.1% of 20:0.
5.2. Sampling
The TMR diets were sampled weekly, frozen and compos-
ited on a 4-wk basis.  Composited samples were mixed 
thoroughly and subsampled for chemical analyses.  Cows 
were milked three times a day at 0600, 1400 and 2200 h 
in a parallel milking parlor with sampling devices.  Indi-
vidual milk production was recorded daily for 4 wk after 
calving.  Milk samples were pooled to the corresponding 
milk yield and kept at room temperature (i.e., 23°C) with 
the preservative potassium dichromate.  Estimated EB was 
calculated postpartum for each cow using the following 
equations from NRC (2001): Postpartum EB=Net energy 
of intake–(NEM+NEL).  Net energy of intake was calculated 
by multiplying DMI by the calculated net energy value of the 
diet; NEM=0.08×BW
0.75; NEL=[(0.0929×%fat)+(0.0563×%pro-
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tein)+(0.0395×%lactose)]×Milk production.  Metabolite 
analyses were performed on blood samples collected at d 
−14, −5, 0, 5, 15, and 28 relative to the day of parturition. 
Blood was withdrawn from the jugular vein into vacutainer 
tubes (Becton, Dickinson and Company, Franklin Lakes, 
NJ) containing lithium heparin and immediately put on ice. 
Tubes were centrifuged at 3 000×g for 20 min at 4°C within 
2 h of sampling.  The plasma were separated and frozen at 
–20°C for subsequent analysis.
5.3. Chemical analyses
Dry matter of the basal diet was determined by drying the 
diet at 55°C for 48 h (Sadri et al. 2009).  The mixed dried 
diets were ground to pass a 1-mm screen in a Wiley mill 
(Ogaw Seiki Co., Ltd., Tokyo, Japan) and stored at –20°C 
before chemical analysis.  Monthly composite TMR samples 
were analyzed for CP (method 988.05; AOAC 1990), neutral 
detergent fiber (NDF) without the use of sodium sulfite and 
with the inclusion of α-amylase (Van Soest et al. 1991), acid 
detergent fiber (ADF) (method 973.18; AOAC 1990), and 
lipid (method 920.39; AOAC 1990).  Fat, protein, lactose, 
and non-fat solids concentrations in milk samples were 
analyzed by infrared spectrophotometry (MilkoScan, 134 
BN, Foss Electric, Hillerød, Denmark) according to methods 
of AOAC (2007).
Blood metabolite concentrations were determined by 
an automated biochemical analyzer (Technicon RA 1000; 
Bayer, NY, USA) using commercial kits (glucose (Pars Az-
moon kits, Pars Azmoon Co., Tehran, Iran), NEFA (DRG Co., 
Marburg, Germany) and BHBA (DRG Co., Marburg, Germa-
ny) according to the manufacturer’s instructions.  Plasma 
insulin concentration was measured using a commercial 
RIA Kit (Coat-A-Count, Diagnostic Products Corporation, 
Los Angeles, CA).  The intra- and inter-assay CVs were 5.9 
and 4.7%, respectively.
5.4. Statistical analyses
Cows were blocked according to expected calving dates 
and then were assigned randomly to one of four treatments. 
The first week before the beginning of experiment was an 
adaptation period.  The adaptation period values for DMI 
and BW were used as covariates for analysis of covariance 
applied to their corresponding measurements during the 
experimental period.  Measurements of DMI and milk yield 
were reduced to weekly means before statistical analysis. 
Analysis of covariance was conducted using the MIXED 
procedure of SAS Institute (1999), using repeated measure-
ment with the first-order autoregressive (AR1) covariance 
structure.  Covariance structure selected based on smaller 
AIC criteria.  The model used was:
 Yijklm=μFi+Ej+Fi×Ej+Wk+Fi×Wk+Ej×Wk +Bl+Cow(B)m+eijklm
 Where, Yijklm is the observation of the dependent variable; 
μ is the fixed effect of population mean for the variable; Fi is 
the fixed effect of fat (i=2; control, added fat); Ej is the fixed 
effect of vitamin E (j=2; 1 500 and 3 000); Fi×Ej is the fixed 
effect of interaction between F at the level of i and F at the 
level j; Wk is the fixed effect of week (k=3 at prepartum and 
k=4 after calving); and Fi×Wk is the fixed effect of interaction 
between F at the level of i and W at the level k; Ej×Wk is the 
fixed effect of interaction between E at the level of j and W 
at the level k; Bl is the random effect of block (l=4); Cow(B)m 
is the random effect of cow nested within block (m=48); eijklm 
is the random error associated with the related observation. 
Dry matter intake and body weight in the week before the 
beginning of the experimental period were included in the 
model as covariates to improve the precision of analysis. 
The covariate was excluded from the model when it was not 
significant (P>0.10).  The three-way interaction of Fi×Ej×Wk 
was not included in the model.  Data were analyzed sep-
arately for the prepartum and postpartum periods with the 
same model.  When differences (P≤0.05) due to interactions 
or dietary treatments were detected, mean separation was 
conducted using a Tukey’s adjustment for the probability. 
Significance was declared at P≤0.05 and trends were con-
sidered when 0.05<P≤0.10.
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